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East Asian Paintings and Cleaning
山本　記子／ YAMAMOTO Noriko
国宝修理装潢師連盟理事長／ Respresentative Director, The Association for Conservation of National Treasures
My name is YAMAMOTO Noriko, from the Association for 
Conservation of National Treasures. I am honored to have been 
asked to talk about “Eastern paintings and cleaning” here today. 
Although we have only a limited time, I am going to discuss the 
structures of Eastern paintings first, particularly the structures 
(forms and techniques) of Japanese paintings, and then I will 
focus on the issues involved in cleaning them.
In essence, many of Japanese paintings and calligraphy 
mounted on paper and silk are; fittings, tools, and pieces of 
furniture that have traditionally been used in Japanese-style 
houses, such as sliding doors [fusuma], folding screens [byobu] 
and hanging scrolls [kakejiku]. In particular, there is an alcove 
called tokonoma in a room of the Japanese-style house, and it 
is a traditional custom to display the tokonoma keyed to guests, 
seasons and important events. Hanging scrolls play an important 
role here.
Today it is common that such artworks are appreciated 
by visitors to temples and shrines, or in exhibitions at art galleries 
and museums. When we see the artworks at an exhibition, they 
are often presented in the forms of hanging scrolls or folding 
screens, or in frames; in other words, they are mounted on 
traditional arrangements, and it is rare for the visitors to view a 
painting on its own, which is in the form originally completed by 
the artist.
In the field of cultural properties, these artworks are 
collectively called Soko Bunkazai, which include paintings, 
calligraphy, and other historical records. While there are a 
variety of different forms of expression, the basic materials and 
techniques are similar for both paintings and calligraphy.
In technical terms, the main artwork is called honshi. It 
is the original part made by the artist. The structural body that 
provides support to the main artwork in a decorative manner, 
which is the mount, is called sotei or hyoso, and the practice of 
mounting is termed shitate. In the following discussions, the terms 














































Types of the mount
Types of the mount may be grouped roughly into the 
following three categories.
(1) Rolled up for storage and unrolled for viewing 
 <e.g.>
 ・Hanging scrolls
 ・ Handscrolls [kansu] (scrolls of Buddhist sutra 
[kyokan], illustrated handscrolls [emaki])
(2) Mounted on panels for storage and viewing
 <e.g.>
 ・Sliding doors
 ・Paper on panels set into a wall [kabeharitsuke]
 ・Folding screens
 ・Frames
(3) Folded and/or bound for storage and viewing
 <e.g.>
 ・ Books (booklets, albums of exemplary calligraphy 
[tekagami], albums of paintings [gajo])
The forms in which the main artworks are handled on 
their own are as follows. Those were not intended to be mounted 
for storage or public viewing at the time of their creation.
・ Support composes a structural body; that is, artwork is 
executed directly on the structural body such as mural 
paintings (panel paintings [itae], plaster wall paintings)
・ Main artwork is unsupported by lining and handled on 
its own such as letters and woodblock prints [ukiyo-e]
Materials used for mount
In the case of folding screens and sliding doors, the part 
that forms their framework is called kumiko shitaji. Sapwood of 
Yoshino Japanese Cedar (Cryptomeria Japonica ‘Yoshino’) is often 
used. Multiple paper layers of different types, characteristics and 
thickness are applied onto both sides of the frame using wheat 
starch paste to secure the structure. When a main artwork of a 
particular importance is to be mounted, the framework has nine 
layers of paper of seven different types on its front and back. 
Many of the paper applied onto the framework are made of kozo, 
papermulberry, fiber.
Materials used in main artworks
Supports
Primary types of supports on which paintings are 
executed are paper and silk, called ryoshi and ryoken respectively. 
Types of fiber used as a raw material of paper include 




































































(Edgeworthia chrysantha Lindl.), and bamboo. Paper made in Japan 
has been primarily used for the supports, but not all. For example, 
bamboo paper [chikushi], the paper made of bamboo fiber, has 
been commonly used as the support for paintings and calligraphy 
from the Muromachi period onward, and good quality bamboo 
papers would be made in China and imported to Japan. Xuan paper, 
or gasenshi in Japanese, which is made from blue sandalwood 
(Pteroceltis tatarinowii Maxim.) and rice straw, is also made in China. 
Besides paper, an important material used for the 
supports was silk. Silk fabric is made by weaving silk threads 
reeled from the cocoons of silkworms.
Other supports include wood such as boards, and clay 
walls such as plaster walls. Some of the artworks executed on 
wood are part of buildings, for instance, those on columns, 
ceilings and walls of temples and shrines; they are therefore often 
very large in size. Other applications include wooden wishing 
plaques [ema] and doors of miniature shrines or alter cabinets 
[mizushi]. Artworks on clay walls include those on plaster walls 
and mural paintings in decorative tumuli.
Colors
Colors are materials used for creating an artwork on the 
support, including Chinese ink [sumi] and pigments.
Chinese ink is made to a solid form by kneading soot, 
such as oil soot and pine soot, together with animal glue [nikawa] 
and hardening it. It is an indispensable material for writing not 
only in Japan but in East Asia in general.
Pigments can be divided into two types: inorganic and 
organic. Inorganic pigments are mineral pigments called iwaenogu 
in traditional Japanese paintings. They are produced from bright-
colored rocks which are pulverized and classified according to the 
particle size. Important minerals include azurite [gunjo], malachite 
[rokusho], orpiment [sekio] and cinnabar [shinsha]. Pigments such 
as vermilion [suiginshu], red lead [entan], lead white [enpaku] 
have been produced industrially from ancient times. Earth 
pigments include white clay [hakudo] and ochre [odo]. Gofun, 
more specifically is calcium carbonate obtained from seashells, is 
a white pigment produced industrially.
Techniques
Many of Soko Bunkazai are created by applying colors 
only onto the recto of the support. Those executed on paper and 
boards fall into this type.
For paintings on silk, however, in addition to the 
technique of applying colors onto the recto, colors are sometimes 
































painting. The technique of applying colors on the verso of the silk 
support is known as urazaishiki or uraenogu, and produces an 
intricate structure even though it is a two-dimensional painting.
A silk painting is executed on a silk support attached 
to a wooden frame. This may be similar to the preparation of 
canvas for an oil painting, but it actually resembles more closely 
to needlework and needlework stands. When a silk painting is 
completed, it is removed from the wooden frame, and then the 
verso is lined for stabilization, directly with a sheet of paper, 
what we call hadaura-gami, which means the first lining paper, 
using wheat starch paste. Without the first lining paper, the main 
artwork is extremely unstable and difficult to keep the surface 
stable. If the main artwork is ultimately to be completed in a form 
of a folding screen or a hanging scroll or with a frame for viewing 
and storage, linings would be applied subsequently on to the first 
lining paper for further stabilization.
Structural damage
Possible damage found on mounted silk paintings is 
the delamination of the main artwork (i.e. the silk support) 
from the first lining paper. The delamination occurs due to the 
deterioration of the wheat starch paste used as an adhesive. In 
the case of silk paintings executed using the technique of verso 
painting, characteristic damage occurs with the delamination of 
the main artwork. As the silk support comes off from the artwork 
due to aging, the pigments or the traces of the colors on the verso 
may be left on the first lining paper. In these cases , what should 
be preserved as the original part of the main artwork through 
restoration is not the old first lining paper but the original colors 
remained on it. It is important to remove only the old, deteriorated 
first lining paper, preserve the colors of the main artwork, and 



























Damage related to dirt
Stains induced by the copper-containing pigments 
[rokusho-yake]
This is not limited to discoloration of the copper-
containing pigments itself but may cause the oxidized substances 
to migrate to the silk or paper supports, accelerate deterioration of 
the supports, and result in discoloration or cracks of the supports.
Stains due to movement of water
Not only the water itself is contaminated, but also the 
colors and oxidized substances on the supports may be dissolved 
and carried by water, resulting in stains.
Fungal infestation
This is a type of deterioration caused by hyphae and 
spores of fungi on the artworks. It can also results in discoloration 
or fading of the supports and the colors.
Treatment of fungal infestation
If the fungal infestation is only the surface of the main 
artwork, they may be removed to a certain degree with the 
surface treatment alone. However, if fungi have grown between 
the silk support of the main artwork and the first lining paper, as 
can be seen in the images below, it will be necessary to remove 
the first lining paper from the artwork. Once the fungi have been 
removed, a new good-quality sheet is applied as a first lining 
paper using a good-quality paste to reassemble the mount that 














































Comprehensive treatment involving remounting
What we call fundamental restoration in the field of 
Japanese painting conservation means comprehensive treatment 
involving disassembly and remounting; the mount is disassembled 
so that the main artwork can be separated from the mount. It is 
not limited to the case of treating the artworks infested by fungi. 
Even when the pieces of mounting fabric [kire] is to be reused, the 
main artwork should be detached from the mount and remounted 
after the appropriate treatment is carried out to each of them.
In the case of disassembly, pieces of paper and fabric that 
have been used for the mount could be removed by softening 
the wheat starch paste previously used as the adhesive by 
humidifying with the minimum amount of water necessary. In 
most cases, the strength of adhesion of the paste would have 
been decreased due to aging.. Lining paper is removed with 
care, one sheet at a time, from the verso of the artwork. The first 
lining paper, which is pasted directly to the main artwork is left 
unremoved at this point.
Cleaning with water
Before the removal of the first lining paper,, the artwork 
undergoes cleaning using water. The condition of the main 
artwork (i.e. the support and the colors) should have been 
examined prior to restoration , and any necessary treatment 
should be carried out before disassembly. Nevertheless, the 
condition should be monitored as the work proceeds. The 
condition check before cleaning with water is essential.
If the main artwork is deemed safe, cleaning will be 
done before the process of consolidation of pigments with 
animal glue. If, however, the pigments have been unstable due 
to the deterioration of the binding medium, the pigments will be 
consolidated with animal glue before cleaning with water.
To remove dirt from the main artwork, water is sprayed 
onto the recto. The dirt would dissolve into the water, andit will 
migrate to be absorbed by a sheet of the blotting paper that 
has been placed underneath. While this treatment requires a 
great deal of care to be carried out considering the influence of 
water, particularly that on the colors. The paints that have been 
fixed with animal glue will remain stable as long as necessary 
if preparatory treatment has been performed with particular 
attention given to dye-based and other water-soluble paints.
The cleaning is performed by adjusting the amount of 
water and timing of application of spraying while monitoring the 
conditions of the main artwork at all times. After the treatment, 
the artwork is placed between sheets of blotting paper, and gently 














































Removal of the first lining paper
Once the dirt that easily dissolves with water has been 
removed, the first lining is removed; the treatment is called hada-
age.
“Wet” method
A simple, old-established method for removing the 
first lining is wet method, what we call shisshiki-hada-age. Its 
procedure is as follows.
(1)  The entire surface of the main artwork is humidified, 
placed face down on an acrylic board and attached 
onto the board with water.
(2)  More water is applied onto the verso of the artwork (i.e. 
onto the first lining paper) to soften the wheat starch 
paste that has been previously used. Then the first 
lining paper is removed.
As the artwork is kept stable by being stuck onto the 
acrylic board with water, it is necessary to keep applying an 
adequate amount of water (moisture) to the artwork until the 
completion of the removal process to ensure that it does not dry 
out.
It is critical for the conservator to be able to make a 
judgment as to for how long it is safe for the main artwork to 
remain wet; the removal process needs to be executed efficiently 
and completed as quickly as possible while monitoring the 
conditions of the main artwork.
This removal method requires the use of water 
throughout the process although the amount of water required 
and the time it takes can vary depending on the strength of 
the support of the main artwork (i.e. paper or silk support), 
the previous first lining paper to be removed, and the adhesive 
strength of the paste previously used.
Paying attention to the influence of the amount and the 
movement of water to the paint layers is the most critical point in 
this treatment method. One issue associated with water that calls 
for particular attention is swelling of the animal glue resulting 
from the time for treatment to complete and the temperature of 
the room (or water temperature). Animal glue used as a binder 
in paints swells with water, but does not dissolve unless heat 
is applied to it, thus the treatment is possible by using water at 
room temperature.. However, if the animal glue remains swollen 
for a prolonged period of time, the stability of the paints cannot 
be guaranteed.
If it is considered unsafe to use the wet method to remove 




The word “dry” here does not mean that the process 
does not involve any water at all. Rather, it means that the main 
artwork and its surface are kept stable and fixed on a worktop 
without water, that is, they remain dry, while the first lining paper 
is being removed, as opposed to them being attached with the use 
of water as is the case with the “wet” method mentioned above.
(1)  For the purpose of protecting the recto of the 
main artwork, facing treatment called omoteuchi 
is performed; sheets of temporary lining paper are 
applied onto the surface of the main artwork using 
funori, the adhesive extracted from seaweed.
(2)  After the facing treatment, the artwork is left to dry. 
Once it is dry and stable, it is fixed onto the worktop 
so that it lays flat and smooth.
(3)  The first lining paper is removed incrementally, one 
small area at a time, by humidification with water to 
soften the paste.
(4)  Once the first lining paper has been removed and the 
necessary treatment on the verso of the main artwork 
has been completed, the temporary lining paper and 
the applied funori for facing are removed. Then a new 
sheet of first lining paper is pasted securely.
Although it is named the “dry” method, kanshiki-hada-
age in Japanese, it does indeed use water throughout the process. 
What differentiates this from the “wet” method is that the “dry” 
method does not require the entire artwork to remain wet for 
long hours with the prolonged use of water. The water is applied 
only where it is necessary and as little as possible in the process 
of removal of the first lining. Therefore, the “dry” method does not 
need to set limits on the working time to remove the first lining, 
and allows the removal of the first lining paper, which requires 
precision, to be performed in a safe manner.
The primary focus of the water-based cleaning is not 
aesthetic improvement by means of removal of stains, etc. Rather, 
it is to avoid certain changes (or risks), that is, to prevent dirt that 
has accumulated within the materials over time being dissolved 
and carried by the water used in the restoration process. The 
movement of contaminated water may disfigure the areas which 
have so far remained undefaced, or may form new stains or 
tidemarks.
In the restoration of Japanese paintings that involves 
the use of water, whether it is the treatment of the main artwork 
or the mounting process , it is important to have the correct 


















the use of water. Therefore, what should be paid attention to and 
ensured are; 
・ the conditions of the support (paper, silk, etc.) and 
colors (pigments, Chinese ink, etc.) that are used for 
creation,
・ the conditions of the animal glue used as a binder in the 
paints, and
・ the room and water temperature when using water.
Water is not the only factor that poses issues; there is not 
a single treatment that does not cause any change at all. What is 
needed is to determine whether or not such a change is beneficial 
to the main artwork. It is necessary to consider methods for 






Development of Cleaning Methods for Cultural Property －current studies－
早川　典子／ HAYAKAWA Noriko
東京文化財研究所 保存科学研究センター 修復材料研究室長
Head, Restoration Materials Science Section, Center for Conservation Science
I would like to introduce a few cases with novel solutions 
when typical conservation methods could not work for East 
Asian paintings.
My field of expertise is polymer chemistry; therefore, 
I have been concerned with adhesives and coating materials 
in this field. Since I came to work for the Center 20 years 
ago, I have also been involved in organic materials used 
for cleaning purposes. I have been conducting research on 
organics in particular.
Previously introduced by Ms. YAMAMOTO, generally 
for East Asian painting cleaning, there is a dry cleaning 
method as well as a water-based cleaning method, which 
uses a great amount of water. When removing lining paper, 
water is usually used. This is the basis for the cleaning 
methodology.
In recent years, since the domains of cultural 
properties have expanded, there have been cases where 
a significant amount water cannot be used because of the 
delicate nature of the works. Thus, on these occasions, new 
approaches have been adopted. Allow me to introduce these 
new initiatives and trends.
The first approach we will introduce is the use 
of enzymes. If cleaning with water is not sufficient, it is 
necessary to search for an enzyme that is targeted to remove 
the specific stains. 
In the second approach, cyclododecane is used as 
a barrier when removing traditional hydrophilic materials. 
Ms. Yamamoto talked about using water to clean stains. 
However, water tends to disperse dyes, stains, and grime. 
When the original painting includes such elements, 
cyclododecane can be very effective, as it enables water-
based cleaning. 
In the third approach, organic solvents have been 
introduced to remove the stain when there are substances 
that were difficult to remove using water.


















































































cleaning method. So, these are the four approaches that I 
would like to focus on in my presentation today.
1. Enzyme-based cleaning
Today, I will introduce two kinds of enzymes. Before that, 
I would like to note the differences between enzymes and 
yeast, translated koso and kobo in Japanese. Yeast is a living 
organism, while enzymes are proteins produced by these 
living organisms when they eat something. These similar 
pronunciations in Japanese cause confusion between the 
two substances. I would like to explain the function of the 
enzyme. When the organisms want to utilize starch, they 
cut the chain of the starch polymer to assimilate it. Enzymes 
act as scissors to cut the chain (see Figure 1). An enzyme 
is a substance that works by repeating a simple reaction 
for specific materials under optimum conditions (e.g., 
temperature, pH, humidity, etc.).
When you know the chemical component of the 
stain which you want to remove and you can assess for a 
suitable enzyme to work on breaking its molecular bonds, 
the enzyme can actually function at very low concentrations 
as it will repeat this action.
This means there is a low risk of damaging the 
original paintings, even when the enzyme remains on the 
painting after treatment. However, one needs to search for 
an enzyme that is suitable for stains to be removed.
1-1. Cell lytic enzyme
I would like to introduce this enzyme using the case of the 
mural painting tumuli in Takamatsuzuka, whose surface was 
covered with biofilm generated by microorganisms such as 
bacteria and mold. The surface was very dirty, which is why 
the tumuli had to be dismantled.
After dismantling, we were involved in the cleaning. 
In the case of this East Asian painting, water was used and 
the surface dirt was gradually removed using mechanical 
methods. Unfortunately, as shown in Figure 2, the surface 
of the plaster is very porous and was not evenly applied. If 
we remove surface dirt using mechanical methods on this 
uneven surface, the plaster and the pigment could also be 
removed unintentionally.
The surface dirt  was similar to sl ime. After 
dismantling the stone chamber, it dried and cracked with 
a plaster surface. If water is introduced, it would become 
slimy again. However, when trying to remove the surface 



































necessary to use something that can degrade the biofilm. 
Therefore, we selected cell lytic enzymes that 
decompose the cellular wall. These lytic enzymes are 
common in biochemistry. There are many different enzymes; 
we selected a few kinds that can be purified at a high 
temperature. My colleague, Dr. Sato, selected this enzyme. 
Before we actually applied this, we tested it and found that it 
did not affect the pigments and the materials applied to the 
mural painting for conservation treatment1).
The only issue was that the metal foils changed color; 
however, this was not because of the enzyme, but due to the 
addition of water to the gilded part. There was no significant 
impact. Therefore, we decided to use lytic enzymes. 
The enzyme is usually in a liquid state, and its 
concentration is very low, as I mentioned. It also has a very 
strong heat stability, so we kept the enzyme solution warm 
and applied it with a brush on the surface for some time. 
Then, with a very small melamine sponge, we could scrape 
off the biofilm. We could remove biofilm even from porous 
plaster surface. It demonstrates that this technique can 
be effectively used as a conservation treatment in Japan. 
We realized that using lytic enzymes can help enhance the 
cleaning process in such situations (Figure 1).
1-2. Polyvinyl alcohol degrading enzyme 
You would have heard about polyvinyl alcohol (PVA) around 
1945, especially its use as a consolidant for panel paintings. 
This became very popular because it could be sprayed or 
used with a brush, which is convenient. It is transparent; it 
is also soluble in water, it can be used without an aqueous 
organic solvent, and has very good adhesive strength.
However, the degradation of PVA has caused some 
serious problems. As the years went on, it began to peel and 
whiten.
Figure 1: 修復前後の写真（左：修復前、右：修復後）


































It is soluble in water, so one might think that with 
water, it can also be removed. However, it is necessary to 
heat the water at approximately 60°C to dissolve it, but 
materials that are as high as 60°C cannot be used on the 
surface of the works of art. Therefore, it was very diffi  cult 
to solve this problem, and this material has not been used 
for quite some time. However, we learned that Osaka 
Municipal Technical Research Institute had assessed and 
registered the PVA-degrading enzyme. Therefore, we sought 
their cooperation and began to use this particular type of 
degrading enzyme. It was very eff ective, as shown in Figure 2. 
This is a wooden panel painting that is part of the historical 
architecture. You can see that the picture was almost 
unrecognizable in the image before treatment. However, by 
using PVA, we were able to treat a significant part of the 
surface of this work of art, as you can see2) 3). 
2. Cyclododecane
Next,  I  would l ike to introduce the applicat ion of 
Figure 2: 劣化したポリビニルアルコール
Degraded polyvinil alcohol on the wooden panel painting
Figure 3: シクロドデカンの効果（左：無塗布、右：塗布）
















































cyclododecane in the conservation field. Cyclododecane 
is an aliphatic cyclic hydrocarbon (12 carbons that have 
been cyclized) that is part of the paraffin wax category (not 
beeswax). It undergoes sublimation. It is volatile without 
turning into a liquid. Therefore, if you place this on the 
surface of work of art, that part will actually be able to 
repel water as though one had placed wax on it, and after 
treatment, it becomes volatilized.
If you want treat works with water, you can apply 
this material during the treatment which will avoid change, 
removal or migration of (watersoluble) color.
These images are the paintings comparing with 
and without the coating cyclododecane (Figure 3). 
Cyclododecane effectively prevents tide lines from forming.
However, there is one potential issue. It sublimates 
like naphthalene. This means that the material will evaporate 
easily and will soon disappear. We therefore need to convert 
it to a liquid state because you will not be able to apply it as 
a solid state. There are two methods to change it to a liquid 
state: one is to dissolve in cyclohexane or some hydrocarbon 
solvent, while the other is to heat it temporarily, then 
they just coat it on the paintings. However, handling is 
cumbersome.
Again, it is like wax. If it can be applied, it can be 
very convenient because after the cleaning is finished, 
it gradually evaporates and disappears without any 
intervention. Of course, it is temperature-dependent, 
according to a European group, cyclododecane film 0.08mm 
thickness disappeared by its volatility within one day at 38°C, 
whereas the film disappeared within three days at 20°C4). 
It can be cumbersome, as I mentioned. However, as 
Dr. CREMONESI introduced us earlier in his presentation, 
there is now a new material called D5, which is also silicone. 
If you apply this, you will be able to actually repel water, 
which is another new initiative quite popular in Europe 
these days. I believe it is only recently introduced in Japan.
3.  Application of organic solvents for traditional 
hydrophilic adhesives
Traditional Japanese adhesives, such as animal glue or wheat 
starch paste, are made using heat. Once they are dried, they 
cannot be re-dissolved without heating, so it is often difficult 
to remove them completely when the original work is re-
treated because it is difficult to apply heat to artifacts. 
















































First, I would like to introduce sanzenbon glue, which 
is used as a medium for Japanese paintings—we tried to 
dissolve that. An aqueous solution of acetonitrile was tested. 
When acetonitrile is 25%, the glue can be dissolved at room 
temperature without heating5).
There is a methodology that allows the glue to be 
removed without problem. Acetonitrile is specified as a toxic 
substance under the law, but only at 40% or above, so it is 
not designated as a poisonous material, although there is 
that potential. In addition, 100% acetonitrile will not dissolve 
the glue, so the ratio of the solution is very important.
The next step is the solvent for wheat starch paste. 
Based on research in the field of chemistry, there is a good 
solvent for this. There was a painting with starch applied 
on its surface and now had to be removed. I would imagine 
the starch was used for restoring the work hundreds of 
years ago. We were able to dissolve this starch in dimethyl 
sulfoxide (DMSO). DMSO is generally used for analysis 
purposes. I am introducing this particular methodology 
as an alternative to swelling with water and removing 
adhesives mechanically. This organic solvent can migrate 
dyes and because its boiling point is high, it is necessary to 
rinse with another volatile solvent (water and ethanol and so 
on). Therefore, it cannot be used in certain, so it cannot be 
used in certain situations, however I would like to mention 
its effectiveness in removing starch. 
4. Application of gel in the cleaning
For the conservation of East Asian paintings and the 
polychrome architecture, cleaning was primarily done by 
dry cleaning with a brush. However, in recent years, there 
have been requests to remove stains with organic solvents. 
For example, there was a cultural property where an oil-
like substance was sprayed on the surface. In addition, the 
removal of a pressure-sensitive tape was requested using an 
organic solvent.
Those of you who are familiar with organic solvents 
are probably aware of this, and it is necessary to have 
accurate knowledge to handle it properly. You need to be 
sure to dissolve the substance using the solvent, but it is 
very difficult to have total dissolution—organic solvents are 
very difficult to handle, and we are talking about the exterior 
of the building. Furthermore, we had to work with a vertical 
surface. You who have experience with this have probably 
found that you applied the material in your line of vision; 


































wanted to use this gel, so that the material would only be 
applied in areas where needed. 
The material called Pemulen TR-2 is now beginning 
to be utilized, as Dr. CREMONESI introduced. He talked about 
Richard Wolbers and Pemulen TR-2, and how gellan gum 
and agar are used. However, these are hydrophilic—they 
have hydrophilic structures. Therefore, they cannot contain 
organic solvents to form organic gels, and can only use 
water-based gels. If one wants to have an organic solvent-
based gel, one of the outliers would be Pemulen TR-2—it not 
only has hydrophilic groups but also hydrophobic groups; 
therefore, it can form a gel with both organic solvents and 
water. 
We considered the gel to be suitable for cleaning 
Japanese paintings and polychrome architecture. In 
East Asian paintings (including Japanese paintings) and 
polychrome architecture, pigments are not coated because 
the medium is animal glue, so we examined how to use the 
gel on those parts, and also examined what the effect would 
be on the working environment.
If you apply the gel directly, it becomes very sticky 
on the object, and it may take in pigment when it is removed. 
Therefore, we used a rayon sheet between the gel and the 
object, and we placed the sheet on top of the gel, so it was 
wrapped (Figure 4). This decreased the solvent volatilization. 
This is a comparison between the effect of gel 
cleaning and that of brush cleaning to remove oil-like stains 
(Figure 5)6). We evaluated those using color changes. We 
compared both the vertical and the horizontal surface and 
found that the effects differ between the two, and in the 
case of the horizontal sample, the shaded part is the gel-
based area, and the colored part shows the brushed area. In 
Figure 4: 筆の処置とゲルの処置
Brush and gel application
Figure 5: クリーニング処置の効果比較

























4）Cyclododecan: Technical Note on Some Uses in 
Paper and Objects Conservation, I.Bruckle, J. Thornton, 
K. Nichols and G. Strickler, Journal of the American 








7）On-site Surface Cleaning of Japanese Architecture 
Using Gels Incorporating Organic Solvents, N.Hayakawa, 
Y.Fujii, N.Yamamoto and C.Sano, Studies in Conservation 
65 (sup1), pp.139-141 (2020)
this case, we found that brush cleaning was more effective. 
On the horizontal surface, in places where the mineral oil 
has not migrated as much, we found that brush cleaning 
was very effective in removing this stain. However, on the 
vertical surface, we found that the gel was more effective 
because the liquid tended to drip. Therefore, for the vertical 
surface, gel is very effective, and even on all horizontal 
surfaces, it is not ineffective; it also has a positive impact on 
the working environment.
As mentioned earlier, organic solvents tend to 
evaporate easily because of their volatility. This means that 
once it is volatile, the more it contaminates the air, which 
means that the working environment is being affected. In 
the past few years, the regulatory working environment has 
become more stringent, so we are now in a situation where 
we need to control the working environment. We evaluated 
the effects on the working environment by using gel in the 
conservation treatment (Figure 6)7). 
We found that the concentration level increased after 
three treatments, exceeding the threshold limit for exposure, 
for both hexane and acetone. In contrast, when using the gel 
in both cases, organic solvents were hardly detectable in the 
air.
As mentioned previously, in the case of horizontal 
surfaces, the difference of cleaning with the brush and 
the gel is not significant; however, in indoor working 
environment gel-based treatments can be advantageous with 
less contamination. 
So, thank you. That is all for my presentation. I 
appreciate your kind attention. Thank you.
Figure 6: 作業環境への影響の差異




Before and after conservation of the mural painting (left: before, right: after)
Figure 3: シクロドデカンの効果（左：無塗布、右：塗布）




Practical Use of Gels for Treating Works of Art on Paper and Photographs
白岩　洋子／ SHIRAIWA Yoko
My name is Shiraiwa. First of all I’d like to thank Tokyo 
National Research Institute for cultural properties for giving 
me an opportunity to talk.
Today I’d like to report the results of using gels in 
conservation practice. It has only been 2 years since I began 
using gels. So, I am still in the trial and error phase but I 
thought there is a point in sharing information. So, I hope that 
it will be a trigger for considering the use of gels as a new 
method for treatment.
First, my encounter with gels. Since some time ago, 
from literature and academic meetings overseas, I was 
aware that gels were actively used in conservation, but they 
truly inspired me when I attended a three-day conference 
in London, “Gels in Conservation” in October 2017. There 
were more than 500 participants from all over the world, 
and Professor Paolo CREMONESI who is here today, gave 
a presentation during the conference. By attending the 
conference, I understood that there was an increasing interest 
in gels by the conservators and conservation scientists and 
that gels are being used and researched across the field 
in conservation. I also learnt that there are variety of gels. 
Archetype has published the book on the conference and 













て知る大きなきっかけとなったのは、2017 年 10 月に


























































The following year in 2018, in the spring time, I 
participated in the workshop in London taught by Dr. Richard 
Wolbers. In this workshop we learned how to make gels and 
how to clean works on paper using gels. In terms of gels I 
only had experience in using methyl cellulose and Klucel so it 
was a first experience for me to use gels to measure pH and 
conductivity of the objects and to make gels with adjusted pH 
and conductivity based on those measurements.
Now in the case studies that I am going to introduce, 
two rigid gels will be mentioned, gellan gum and agarose. In 
paper conservation three commonly used rigid gels are agar, 
agarose and gellan gum. They are all polysaccharides. By 
changing the concentration you can adjust the permeation of 
water into the work. Agarose is non-ionic and therefore it is 
used for measuring pH and conductivity. Unlike gellan gum, 
it can carry enzyme. It can also carry buffer and chelators, 
so quite useful, but it is 10 times the price of gellan gum. 
Agarose is made with distilled water and gellan gum is 
made with a solution of distilled water and calcium acetate. 
These gels can gently humidify the surface, swell paper 
fibers adequately, and can be used for removing stains and 
impurities. Gellan gum is more transparent in appearance 
than agar and agarose and seems more rigid and flexible at 
same concentration.
First case study is gelatin silver print from circa 1950. 
The support is fiber based (baryta) paper which is just like an 
ordinary paper on verso. As you can see, papers and hardened 
adhesives are adhered on the edges. They have penetrated 
and stained the paper support. Influence from the deteriorated 
adhesive can be seen as brownish stains on highlight areas 
and as silver mirroring on shadow areas.
Baryta paper can be relatively thick so if the print size is 
large, adhesives are usually used along the edges and sometimes 
on entire area of the paper when mounting. Unfortunately in 
Japan, photography industry used to have more emphasis on 
publishing books and catalogues of fine art photographs than 
original prints. Therefore sometimes the prints have been 
handled poorly or mounted and framed with no conservation 
context in mind.
For this work, first of all, spot tests were done on the 
adhered paper and adhesive and the results showed that they 
could be removed using methyl cellulose. However, it took a 
while for adhesive to become soft enough to remove. With 
photographic prints, too much exposure to moisture even 
from verso, can result in deformation of support or change 



































methyl cellulose is limited. Even if you can use it for removing 
of adhesives, often you cannot immerse wash like works on 
paper so sometimes difficult to remove residues of methyl 
cellulose completely.
Here, gellan gum was used. It can penetrate moisture 
slowly in the adhered paper, so it was easy to remove. Small 
piece of gellan gum is applied onto the paper first and spatula 
is used to scrape them off. After the paper was removed, 
adhesive could also be removed easily.
Adhesive became soft after gellan gum was placed for 
about 10 minutes, not wetting the support too much. Then 
they were cleaned off using cotton swabs. Then a new piece 
of gellan gum is placed, repeating the procedure for three 
to four times. Adhesive did not spread out and discoloration 
could be removed further by using gellan gum compared with 
methyl cellulose. Another advantage was that it was easy to 
see when to stop the treatment from the color of gellan gum 
(Figures 2-4).
Next case study. This is the verso of a print where 
support paper has peeled off. On this thinned paper, another 
brown paper was adhered. It is often difficult to remove 
Figure 2























adhesives or accretions on thin support as damage can occur 
during removal. Here, agarose was used and it was possible 
to control moisture to remove the brown paper without 
interfering the support.
This is the example of paper adhered to gelatin silver 
print. It was one of the prints which underwent treatment 
before the exhibition of MATSUGI Fujio at JCII Camera 
Museum Photo Salon (Figure 5).
This is a photograph of an actress KOGURE Michiyo 
and it was included in “Ecology of Beauty” published in 1948. 
This is an original, unique print. On verso you can see the 
liquid stain. On the image there are some discoloration where 
the liquid came in contact. Some areas have white paper 
attached, which may be from another print or paper placed on 
top of this print when it had damage, as gelatin can become 
soft and sticky when wetted. Although there were some tears 
and missing areas, the owner was mostly concerned about 
the white paper adhered in the center which distracted the 
appearance (Figure 6).
In order to remove the paper as such, usually water 
or water with organic solvent are used. Sometimes it is 
humidified, or nebulizer is used to apply water vapor for 
removal, however, thin gelatin layer which containing image 
could delaminate. The photographs which went through flood 
or had mold, tend to have vulnerable gelatin layer. Therefore 
there is a great risk to introduce moisture. Here agarose was 
used.
Agarose was placed on the adhered paper and after 
several seconds, soft silicon brush was used to remove paper 
fiber. I don’t have the photograph during the treatment. The 
print was first dry cleaned and then a small piece of agarose 
was used to remove the paper step by step. The result was 
satisfactory although discoloration from the stains could not 
Figure 5





























トンと酢酸エチルを 1 対 1 で配合して作成したゲルを


















be removed. Retouching was done on existing loss at the final 
stage of the treatment (Figure 7).
Next example is the use of agarose as well. It is a 
gelatin silver print and had paper and paper fibers adhered on 
the image. After removing them, there were some difference 
in gloss on adhered area and the rest but removal was 
successfully done by protecting the image layer.
This is a gelatin silver print mounted directly onto 
a wooden panel using paper tapes all around. This style of 
mounting can be found in the photographic works from 
1970s to 1990s. Sometimes requests are made to remove 
them from the panel, concerned with preservation issues, but 
usually paper tapes are left as they are on the print. Agarose 
was used experimentally to see whether these could be 
removed.
As a result, it was possible to remove acidic paper 
tape by humidifying to an appropriate level. Remaining paper 
fibers were removed with slightly damp cotton swab. Tape 
stains did not penetrate into the gelatin layer and it was an 
effective method. These are all the case studies using gellan 
gum and agarose. Gels were made without adjusting pH or 
conductivity.
Now, I will mention about gels with solvents. This is 
a case study of a watercolor on paper. The treatment was 
conducted in 2016 when I had little knowledge about gels. 
So, I had some advice from overseas conservators. It is one 
of Dr. Richard Wolber’s solvent gel. Gel was made by mixing 
Carbopol ® 934; a polyacrylic derivative that is a thickener and 
a surfactant; Ethomeen ® C25, mixed with ethyl acetate and 
acetone (1:1). This time ethyl acetate and acetone (1:1) was 
selected but other polar solvent can be used in the mixture. 
The gel is not rigid like agarose or gellan gum and has 
viscosity.
These are adhesive stains on verso, quite dark in color. 
The stains penetrated to the front. Removal was attempted 
from verso. Non woven polyester was placed on the stain 
as a barrier and then gel was applied and covered. The 
solvent was contained in the gel and did not become volatile 
immediately, and so the contact time with stains could be 
maintained. The procedure was as follows; first removing the 
adhesive as much as possible with gel, then removed the gel 
residue with ethanol water mixture. Followed by using suction 
and solvents to remove the remaining stains. Only the areas 
without watercolor were treated as suction was used to wash 
off residues. Bleaching was done partially from the front.
















































stains caused by adhesive. Same treatment procedure was 
applied. To remove stains like this, usually poultice or suction 
are used, but by using the new gel method, we can shorten 
the time of using suction. The amount of solvent used with 
gel compared to the amount used with suction or poultice is 
significantly less.
So far, I have used gels mostly to remove deposits and 
adhesives and I am not able to introduce case studies on its 
use for cleaning. However, we are currently experimenting 
using gels on cleaning photographs so I’d like to talk about it 
briefly.
This year at the Conference of The Japan Society 
for the Conservation of Cultural Property, we presented a 
poster titled “Use of Agarose gel on cleaning albumen prints” 
a collaborative research with Ms. YAMAGUCHI from Tokyo 
Photographic Art Museum. Albumen prints are photographs 
on thin paper support with an albumen layer which contains 
silver particles as image materials. Deterioration can be 
characterized by fading and cracks in the binder layer. 
Cracks are said to occur by having different expansion and 
contraction degrees between the binder layer and the support 
under fluctuating humidity. Prints are very thin and therefore 
usually mounted onto paper board. Aqueous treatment can 
cause cracks to expand during drying and dirt may go into 
cracks and stain the binder and support. If it is washed with 
the board, a print can delaminate and board can absorb dirt, 
also causes deformation during drying. Sometimes the prints 
are hand colored as well.
Therefore, with albumen prints, normally dry cleaning 
is conducted. Agarose was used for the experiment. We 
first measured the pH and conductivity of the print using 
gel pellets. Based upon the readings, we made solvents 
with different pH and conductivity and used them to make 
9 different gels. The gels were then placed on the print 
and cleaning effect was evaluated. By adjusting pH and 
conductivity, swelling and diffusion on the surface by water 
as well as osmotic pressure are controlled, enabling the 
absorption of dirt effectively.
The result. Under microscope, we did not see any 
change in the cracks of albumen prints and we were able 
to confirm removal of dirt, trapped in the cracks. When we 
dried the gels, and compared them with control by naked 
eye, we concluded that gels with higher pH and conductivity 
had enhanced cleaning capability (Figure 8). After the poster 
presentation, we conducted tests to see the effect of agar, 
























Photographic Art Museum. After 4% gels were in contact 
with colloidal silver film, albumen print, gelatin silver 
print, they were placed in the temperature and humidity 
controlled chamber. Reflection and transmission densities 
were measured before and after accelerated aging. The result 
showed that effects of agar, agarose and gellan gum to silver 
and binder materials were within the acceptable range.
To conclude from these case studies, following are 
the advantages of using gels on water sensitive medium and 
support.
-Gels can be made to match individual treatment.
-Gels can be used in sections. For example different gels can 
be used for albumen print and its mount.
-Gels can minimize the impact on medium and support 
during treatment and can prevent physical damage due to 
mechanical cleaning.
-Gels can remove dirt and deposits from surface without 
penetration.
-Gels can contain solvents, therefore can remove adhesives 
and stains suppressing quick volatilization and spreading 
and as a result, reduce the amount of solvent used during 
treatment.
Lastly, we ourselves who are involved in conserving 
and preserving Cultural properties should think about 
sustainability through our work. We have to be conscious of 
environmental issues. So, by using gels in a skillful way, I hope 
that we will come up with new treatment ideas which are both 
friendly to our environment and to ourselves. Thank you very 





Historical Background of Cleaning Methods Developed for Western Paintings
鳥海　秀実／ TORIUMI Hidemi
東京文化財研究所 保存科学研究センター／ Center for Conservation Science
My name is TORIUMI Hidemi, and I work at the Center 
for Conservation Science at the Tokyo National Research 
Institute for Cultural Properties. I will provide an overview 
of the historical background of how the cleaning methods 
for Western paintings have been developed theoretically and 
scientifically, and widely followed by conservators 1). This 
will be an introduction for the presentation on the current 
cleaning technology in Western countries by Dr. CREMONESI.
1.  Brief overview of the history of cleaning 
Western paintings
Hundreds of years ago, in Europe, paintings were cleaned by 
rubbing the surface with items available in the pantry, such 
as potatoes, garlic, and bread. Solvents were introduced later, 
and in the 1800s, we sometimes find paintings damaged as 
a result of cleaning with a strong alkaline solvent, caustic 
soda 2). In the second half of the 1800s, Max von Pettenkofer, 
a German chemist, invented a method to reactivate the 
varnish, which was called the Pettenkofer method. Using 
alcoholic vapor and copaiba balsam, the treatment recovered 
the visibility of the painted image without removing varnish. 
This method gained popularity, but now it is no longer used 
because we know that this method may damage the original 
material of the artwork. This is not a cleaning method, but 
an effort to enhance the image in the painting.
Since the 1980s, new cleaning materials that were 
developed by industrial technology, including materials from 
the cosmetics industry, have been introduced. It revolution-
ized the cleaning methods for conservation, which had pri-
marily used solvents to remove varnish. They took more of a 
scientific approach rather than an empirical one, chemically 
recognizing the material to be removed, and seeking a con-
trollable material and method that affects only the material 
to be removed and not the original material 3). This is very 
much in line with the global trend of reducing chemical im-
pacts on people and the environment 4).











代には強いアルカリ性である苛性ソーダ caustic soda に
よって画面が蝕まれる事例が見られるなど問題も生じてい


































in Europe is that there is a layer of varnish on the top of the 
painting. It protects and evens out the gloss on the entire 
surface. However as time passes, a component of varnish, 
natural resin, deteriorates and its color turns yellow-brown. 
Therefore, there was a traditional cycle for these paintings, 
in which old varnish was removed and new varnish was 
applied. If the varnish was able to be removed in a safe 
manner, there was no problem. However, artists may have 
used materials very close to components of varnish in the 
finishing stage. Upon cleaning, that part may be removed, or 
Figure 1: 絵画の断面の概念図、クリーニングで後世の加筆を除去し、損傷箇所に補彩を行い、新たなワニスを塗布した場合
Diagram of a cross-section of the painting, removing the overpaint from a later period by cleaning, retouching 
damaged areas, and applying new varnish.
Figure 2:  ティツィアーノ・ヴェチェリオ、《バッカスとアリアドネ》、ロン
ドン・ナショナル・ギャラリー、1967 年撮影、修復前のクリー
ニング・テスト
Tiziano Vecellio, “Bacchus and Ariadne,” The National Gallery 
London, Cleaning test before restoration, in 1967 [photo © The 
National Gallery, London/ distributed by AMF – DNPartcom, 
source: 7) plate 4 in p.30]
Figure 3:  ティツィアーノ・ヴェチェリオ、《バッカスとアリアドネ》、ロ
ンドン・ナショナル・ギャラリー、修復後
Tiziano Vecellio, “Bacchus and Ariadne,” The National Gallery 
London, after restoration [photo © The National Gallery, 










チャールズ・イーストレーキ Charles Eastlake R.A. の方針
によって、一連の絵画のクリーニングが始まる。ティツィ
アーノ作《バッカスとアリアドネ》などが受けたクリーニ
ングに対して、モーリス・ムア Morris Moore がタイムズ
紙 The Times へ送った投書が契機となり 1846 年から論争
が始まった。彼は「表層ははがされ、描き直され、その処








Arthur Lucas とジョイス・プレスターズ Joyce Plesters に
よる 1978 年の論文には、作品が経た歴史から顔料や絵画
技法の分析まで、詳細な報告がなされている 7）。
　Figure 4 は、1967 年のクリーニングが完了し、補彩
を行う前のモノクロ写真である。この作品は、過去に木
枠からキャンバスが外され巻かれて輸送されたことが数
perhaps reveal old damages or retouches hidden under the 
dark varnish. When these cases happen, new issue emerges 
(Figure 1).
2. Cleaning controversies
As far as the cleaning of Western paintings is concerned, 
discussions were carr ied out  repeatedly and had 
considerable influence in the past. In particular, the cleaning 
controversy at the National Gallery in London is the most 
well-known. When the gallery was inaugurated, William 
Seguier was handling the restoration of the collections, and 
used to apply a so-called Gallery Varnish made of mastic 
resin and linseed oil. The color of his varnish was dark 
brown, like the patina of old paintings, which was in accord 
with the nostalgic tastes of that period. However, the next 
conservator of the gallery, Charles Eastlake, adopted a 
different policy and began to clean a series of paintings. In 
1846, Morris Moore sent a letter to The Times protesting 
the cleaning of Titian’s “Bacchus and Ariadne,” and the 
controversy began. He wrote, “The picture has been scraped 
raw in some parts and repainted in others....The former 
process especially, has the effect of altering the apparent 
position of some of the objects. This ought to be the end of 
a series of barbarisms’ (from the second letter that appeared 
in The Times, November 19, 1846) 5) 6).
Figure 2 is a picture with initial cleaning tests in 
1967. Figure 3 shows the painting after cleaning and resto-
ration. The date of 1967 is much later than the controversy 
of the 1800s, and we can only guess the condition before 
and after the cleaning executed in the earlier era. However, 
the article by Arthur Lucas and Joyce Plesters in 1978, from 
which Photos 1, 2, and 3 were cited, offers a detailed anal-
ysis of the pigments, painting technique, and the historical 
background of this artwork 7).
Figure 4 is a monochrome photograph of the paint-
ing in 1967 after cleaning and before retouching. It was 
removed from its wooden frame, the canvas was rolled, and 
the painting was transported for a few times in its history. 
Consequently, there are areas where the paint was flaking 
off in vertical lines from the stress of being rolled7). The 
cleaning in the 1800s might have revealed these damage, 
and subsequently the painting might have been retouched 
and varnished.
At the National Gallery in London, another set of con-
troversies began during the mid-1900s. It was a debate held 
by Burlington Magazine among the experts from the Nation-
Figure 4:  ティツィアーノ・ヴェチェリオ、《バッカスとアリアドネ》、ロンドン・
ナショナル・ギャラリー、クリーニング後／補彩前
Tiziano Vecellio, “Bacchus and Ariadne,” The National Gallery 
London, after cleaning / before retouching [photo © The 
National Gallery, London/ distributed by AMF – DNPartcom, 









ン・マガジン Burlington Magazine 誌上でローマ中央修復
研究所とロンドン・ナショナル・ギャラリーの専門家た
ちの間で論争が交わされた。チェーザレ・ブランディの『修
復の理論』 Cesare Brandi, Teoria del restauro、補遺に収め
られている 5 章「パティナ、ワニスおよびヴェラトゥー







al Gallery and the Istituto Centrale per il Restauro in Rome 
after the exhibition “Cleaned Pictures” in 1947. In the Japa-
nese translation of Cesare Brandi’s Theory of Restoration, two 
related articles with illustrations can be found: Chapter 5 in 
the Appendix, “The Cleaning of Pictures in Relation to Pati-
na, Varnish and Glazes,” which appeared in Burlington Mag-
azine in July 1947, and Chapter 6 in the Appendix, “Some 
Factual Observations about Vanishes and Glazes,” published 
in the Bollettino dell’Istituto Centrale del Restauro in 1950. In 
certain cases, the final touches were performed using mate-
rials very similar to varnish. For example, in the painting by 
Giovanni Bellini, “Saint Terentius” (part of the predella of the 
Pala di Pesaro, “Coronation of the Virgin,” Civic Museums 
of Pesaro), metal cramps connecting the stair stones were 
painted with a material similar to its varnish. Therefore, 
these parts might have been removed together with the var-
nish if careless cleaning had been carried out (Figure 5) 8). 
Brandi’s attention to the delicate finish of oil painting was 
based on his meticulous observation and research on paint-
Figure 5:  ジョヴァンニ・ベッリーニ、《聖母の戴冠》裾絵部分、聖テレンティウス（修復後）、ペーザロ、市立美術館
Giovanni Bellini, Saint Terentius (part of the predella of Pala di Pesaro, “Coronation of the Virgin”), after restoration 










主義 Archaeological Purism と呼ばれたように、徹底的
なクリーニングを行った後、補彩を一切しない方針で修
復処置が行われていた時代が 1900 年代半ばにあった 9）。
当時の修復例として、Figure 6 と 7 は 2003 年にイェー
ル大学にて行われた研究会議「イタリア・初期ルネサ











ing materials and techniques from historical literature. 
Controversies took place not only in the UK but also 
in other countries. In the mid-1900s, the Yale University 
Art Gallery had a conservation policy to clean paintings 
thoroughly and not to do any retouching, which was called 
Archeological Purism 9). Figure 6 and 7 are the paintings 
restored in this period shown in an article from the proceed-
ings of the conference, “Early Italian Paintings: Approaches 
to Conservation” held at the Yale University Art Gallery in 
2003 9). The participants could visit the storage room, where 
they viewed the harshly cleaned paintings. They could also 
see examples of the current conservation intervention in the 
exhibition room, which showed the ways in which they han-
dled the paintings that received past cleaning interventions. 
This was an effort on the part of the University to disclose 
the history of the collection, to share their opinions and 
ideas with the external community on the matter. 
3.  Development of research after cleaning  
controversies
Western countries have an ongoing cross-border open 
discussion about the ways in which cleaning should be 
executed. Experts in the history of art, conservation, and 
science all come together for the joint purpose of exploring 
traditional materials and techniques that compose original 
Figure 6: ジョヴァンニ・ベッリーニ、《聖母子》、イェール大学美術館 
Giovanni Bellini, “Virgin and Child,” Yale University 
Art Gallery [photo © Yale University Art Gallery]
Figure 7:  フラ・フィリッポ・リッピ、《キリスト磔刑》、イェール大学美術館
Fra Filippo Lippi, “The Crucifixion,” Yale University Art Gallery 




























artworks, studying ethics for cleaning and conservation 
treatment, and conducting scientific research to improve 
cleaning technology. In 1985, Gerry Hedley categorized 
the cleaning methods as below, and wrote, “We cannot 
return to the original intention, and so must construct a 
new relationship between the artist’s original intention, the 
present work, and the passage of time 10).” In other words, 
cleaning is an irreversible process that is always decided by 
the thought of human beings.
　1. Complete cleaning
　　Remove all the substances covering the original paint 
　　 (This methodology was adopted at the National Gallery 
of London as well as at the Yale University Art Gallery 
during the above-mentioned period.)
　2. Partial cleaning
　　Reduce the thickness of layer of varnish.
　3. Selective cleaning
　　 Cleaning that takes into consideration the balance of 
the painting.
According to Hedley, the problems for cleaning oil paintings 
with organic solvents are classified into the following four 
groups 11):
　ⅰ　The toxicity of the solvents;
　ⅱ　The removal of hard insoluble layers of overpaint;






1997 彩色作品のクリーニングに用いる材料と方法Materiali e metodi per la pulitura di opere policrome
2002 彩色作品のクリーニングにおける酵素の使用L'uso degli enzimi nella pulitura di opere policrome
2003 彩色作品のクリーニングにおける界面活性剤とキレート剤の使用L'uso di tensioattivi e chelanti nella pulitura di opere policrome
2004 彩色作品のクリーニングにおける有機溶剤の使用L'uso dei solventi organici nella pulitura di opere policrome
2011 彩色作品のクリーニングにおける水系環境L'ambiente acquoso per la pulitura di opere policrome
2016 可動絵画のクリーニングへのアプローチ Un approccio alla pulitura dei dipinti mobili




An innovative approach to the cleaning of sensitive painted surfaces: 
simultaneous combination of controlled liquid-dispensing and micro-aspiration
2019 美術品を処置するための硬質ゲルGel rigidi polisaccaridici per il trattamento di manufatti artistici
Table 1: パオロ・クレモネージ氏が監修するシリーズ本











ス氏 Richard Wolbers の著書、Cleaning Painted Surfaces, 





　Table 2 の中で、2002 年にイタリアで行われた会議
はクレモネージ氏が企画し、報告書は氏の編集により出
版されている。私は当時フィレンツェの国立修復研究所 











　ⅳ　 But above all, the problem of controlling the process 
of cleaning. Time, lack of control, lack of specificity, 
and what was diplomatically called “imprecision,” were 
cited. In the words of one respondent, “There just isn’t 
sufficient control in the process....”
One of the experts who has been confronting these problems 
of cleaning, Dr. Paolo Cremonesi, has published a series 
of books on cleaning with various cleaning agents such as 
enzymes, surfactants, chelating agents, organic solvents, and 
silicone materials. These are all very practical publications 
targeting people in conservation field (Table 1).
In addition, I would like to mention another import-
ant publication concerning cleaning, Cleaning Painted Surfac-
es: Aqueous Methods by Richard Wolbers, who adapted the 
aqueous approach and gel cleaning to artworks. Table 2 lists 
the major conferences on cleaning that have been held since 
the 1990s 12).
4. Examples of paintings cleaned in recent years
The conference in Italy in 2002 in Table 2 and its proceedings 
were coordinated by Dr. Cremonesi. I was a trainee at the 
Opificio delle Pietre Dure e Laboratori di Restauro at that 
time, which was a national institution for restoration in 
Florence, and I had the opportunity to participate in a poster 
presentation for cleaning examples with the conservator in 
charge, Mr. Roberto Bellucci, and other colleagues 13).
The painting that we were cleaning was “Crucifix of 
the Monastery of Rosano,” and Figure 8 is the painting be-
fore restoration. It was an ancient panel painting created in 
the 1100s, a very rare example whereby the original varnish 
Table 2: 絵画洗浄に関する主な研究会議
Major conferences on cleaning paintings
年代／ Year 研究会議名称／ Name of Conference 開催地／ Location
1990 Dirt and Pictures Separated Tate Gallery, London ／ UK
1990 Cleaning, Retouching and Coatings IIC Congress, Brussels ／ Belgium
2002 Colore e Conservazione, materiali e metodi nel restauro delle opere policrome mobili Cesmar 7, Piazzola sul Brenta ／ Italy
2003 Surface Cleaning - Materials and Methods Verband der Restauratoren (VDR - German Restorers Assocation), Dusseldorf ／ Germany
2010 New Insights into the Cleaning of Paintings, Proceedings from the Cleaning 2010
Universidad Politécnica de Valencia 
and Museum Conservation Institute ／ Spain
2015 Dall’olio all’acrilico, dall’impressionismo Cesmar 7, Politecnico di Milano ／ Italy













dévernissage はワニス層の除去を指す。英語の surface 












was left on the entire surface. There was a discussion as to 
whether or not this painting should be cleaned. Ultimately, 
they decided to improve the viewing experience by thinning 
the varnish layer. Gradual, staged, or phased cleaning is now 
the norm. It is a cleaning method for removing layer by lay-
er or stage by stage from the surface according to the mate-
rials of each layer. For the cleaning of this painting, we had 
a three-step procedure: (1) remove the dirt from the surface 
with an aqueous solution and a surfactant, (2) remove the 
later varnish layer with organic solvents, and (3) reduce the 
thickness of original varnish layer with an oil emulsion 14).
The French language has expressions that actually 
describe the different phases of cleaning, according to the 
materials to be removed and the purpose of the action. 
“Décrassage” relates to taking the grime away from the top 
surface. And “dévernissage” relates to removal of the varnish 
layer. “Surface cleaning” in English is equivalent to “décras-
sage.”
In recent years, several famous works by Leonardo 
da Vinci were restored. This illustrates that a certain level 
of cleaning methodology has been established in Western 
countries. Both “Virgin and Child with Saint Anne” in the 
Louvre Museum in Paris, restored in 2010–2011, and “Ad-
oration of the Magi” in Uffizi Museum in Florence, restored 
Figure 8:  《ロザーノの十字架上のキリスト》、ロザーノ修道院（フィレン
ツェ近郊）、修復前
“Crucifix of the Monastery of Rosano,” Monastery of Rosano 
(near Florence), before restoration [su gentile concessione 
di: photo © Ministero per i Beni e le Attività culturali-Opificio 
delle Pietre Dure di Firenze-Archivio dei Restauri e Fotografico, 
Abbazia di S. Maria di Rosano]
Figure 9:  レオナルド・ダ・ヴィンチ、《聖アンナと聖母子》、ルーヴル美
術館、修復前　
Leonardo da Vinci, “Virgin and Child with Saint Anne,” Louvre 
Museum, before restoration (photo © RMN-Grand Palais (musée 
























in 2011–2017, were finally cleaned, though they had imple-
mented cleaning tests in the early 2000s and had not actual-
ly carried out the restoration at that time. Two paintings had 
undergone a thorough restoration process, including treat-
ments for wooden supports, but here I am going to mainly 
mention the cleaning from the published reports. 
Figure 9 shows “Virgin and Child with Saint Anne” 
before the restoration, and Figure 10 shows it after the 
restoration. The international committee was made up of 
experts from France and other countries for this restoration 
project. There had been opinions against cleaning, but as 
a result of the treatment, now we can appreciate the color, 
depth of the space, and expression of the details. I am going 
to introduce some photographs that show the details before 
the restoration. Figure 11 shows a cleaning test in 1991–
1992 on the foot of the Madonna, but they did not proceed 
to further restoration. Figure 12 shows the mouth of the 
Saint Anne. Discolored patches of the old retouches are scat-
tered all over 15).
The next example is “Adoration of the Magi.” It is said 
that da Vinci stopped working and did not finish the paint-
ing. Since the work itself was incomplete, they were not sure 
Figure 10:  レオナルド・ダ・ヴィンチ、《聖アンナと聖母子》、ルーヴル
美術館、修復後
 Leonardo da Vinci, “Virgin and Child with Saint Anne,” Louvre 
Museum, after restoration [photo © RMN-Grand Palais (musée 
du Louvre) / René-Gabriel Ojéda / distributed by AMF]
Figure 11: 1991-1992 年に足部分に行われた洗浄テスト
Cleaning test on the foot of the Virgin Mary in 1991–1992
[photo © C2RMF / Joël Requilé, source: 15) P.383]
Figure 12: 聖アンナの口もと部分、修復前　
Mouth of the Saint Anne, before restoration

















to what extent cleaning should be carried out, therefore they 
did not actually restore the painting, which was planned 
for 2001. However, considering the condition of this panel 
painting, they decided to conduct cleaning using the current 
advanced technology of analysis and conservation (Figures 
13 and 14). Some historical restorations on this painting, 
which we can determine from the available documents, are 
shown in Table 3 16). The varnish was applied multiple times 
over the centuries; therefore, the thick varnish layer dried 
and contracted, then pulled up the original paint underneath. 
This was believed to cause the flaking off of the paint layer, 
which was the main reason for the cleaning of this time 17).
These are very limited examples, but from these 
works, I am trying to clarify why cleaning is carried out. 
Restoration is done by people, so cleaning may be executed 
for practical reasons in the activities of human beings—
for instance, cleaning before exhibitions, or during museum 
主な修復歴
Previous restorations
1724 ブルーノ・マンジャカーニ／ Bruno Mangiacani
1794 カルロ・マーニ／ Carlo Magni
1914
ファブリツィオ・ルカリーニ　→ ワニスの再生 : ペッテンコファー法
Fabrizio Lucarini → reactivating the varnish: the Pettenkofer method
近代以降の調査
Investigations in the modern era
1954 ピエロ・サンパオレージ／ Piero Sanpaolesi
1977 ルイザ・ベケルッチ／ Luisa Becherucci
1992 ウンベルト・バルディーニ／ Unberto Baldini
Table 3: レオナルド・ダ・ヴィンチの《東方三博士の礼拝》に行われた過去の修復と調査
Restorations and investigations executed for “Adoration of the Magi” by Leonardo da Vinci [source: 16)]
Figure 14:  レオナルド・ダ・ヴィンチ、《東方三博士の礼拝》、ウフィツィ
美術館、修復後
Leonardo da Vinci, “Adoration of the Magi,” Uffizi Museum, 
after restoration [su gentile concessione di: photo © Ministero 
per i Beni e le Attività culturali-Opificio delle Pietre Dure di 
Firenze-Archivio dei Restauri e Fotografico, Gallerie degli Uffizi]
Figure 13:  レオナルド・ダ・ヴィンチ、《東方三博士の礼拝》、ウフィツィ
美術館、修復前
Leonardo da Vinci, “Adoration of the Magi,” Uffizi Museum, 
before restoration [su gentile concessione di: photo © Ministero 
per i Beni e le Attività culturali-Opificio delle Pietre Dure di 











Tate Modern にて研究会議 “Modern Paints Uncovered”
が、2009 年ゲティ保存研究所にて “Cleaning of Acrylic 
Painted Surfaces: Research into Practice” が行われ、後
者については CAPS workshop が欧米諸国内で毎年開
催されている。2014-2021 年には，5 つの組織から成
る コ ン ソ ー シ ア ム Modern Oils Research Consortium 
（Courtauld Institute of Art, Cultural Heritage Agency of 
















closures such as building repair work. However, for the art-
works’ own sake, there are two major reasons for cleaning: 
to remove materials that could negatively affect the preser-
vation of the work and improve the appreciation and legibil-
ity of the artwork, and try to retrieve the intrinsic value of 
that work.
5. Progress in the cleaning of acrylic paintings
After the 1980s, with the development of cleaning 
technology for Western paintings, they established the 
scientific theory and systematic methodology for cleaning, 
and accumulated sufficient experience with traditional 
classical paintings (which have varnish layers and overpaint 
of oil paint). Therefore, they began to apply a cleaning 
philosophy that sees not only the removal of old varnishes 
made of natural resin, but also the cleaning of other painted 
surfaces in general. New initiatives are now being introduced 
for the cleaning of acrylic paintings. For example, in 2006, 
a conference called “Modern Paints Uncovered” was held 
at Tate Modern. In 2009, a colloquium called “Cleaning of 
Acrylic Painted Surfaces (CAPS): Research into Practice” was 
carried out at the Getty Conservation Institute. Since then, 
CAPS workshops have been held every year in Europe and 
the United States. The most recent one is the Modern Oils 
Research Consortium from 2014 through 2021, established 
by five organizations: the Courtauld Institute of Art, the 
Cultural Heritage Agency of the Netherlands, the Getty 
Conservation Institute, the Hamilton Kerr Institute, and the 
Tate.
The history of oil painting is obviously different 
between Japan and Europe. However, acrylic paints such 
as Liquitex were invented in the 1950s, and they were in-
troduced almost in the same period throughout the world, 
including Japan, which means that degradation will proba-
bly occur on a global basis. Acrylic paint is a relatively new 
painting material. Since the conservation status regarding 
the aging and degradation of acrylic paints is unknown, 
cleanings and other interventions for acrylic paintings will 
probably require even greater and careful attention than oil 
paintings 18). In the case of Japan, there are many modern 
works that are held by museums in various local regions, 
and the percentage of acrylic paintings in these collections 
is believed to be large. However, there are no guidelines for 
the restoration of these acrylic paintings, and their preserva-
tion is a concern. I believe that there is a need for research 
on conservation of acrylic paintings in our country as well.
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（Figure 3）。ウィリアム・ホガースによる銅版画 “Time 





I would like to thank the organizers for this kind invitation. 
It is an honor for me to be here.
1. Material and Originality
At the beginning of my presentation, I would like to share 
some thoughts about the procedure we generally describe 
as cleaning, because I think that our expectations for 
recovering original materials from these procedures are too 
high, and I often wonder if this is a legitimate approach. Let 
me guide you through the different stages, from the creation 
of the work of art and its aging, until the time the work of 
art comes into our hands for restoration. 
We wish we could be present during the very first 
stage when artists create their work because it is a magical 
time of passion, inspiration, and commitment. The artist se-
lects his or her specific original materials, which eventually 
become constitutive materials (Figures 1, 2). They deserve 
the greatest respect because of this.
Unfortunately, time passes and materials start aging 
(Figure 3). The engraving by Hogarth, “Time Smoking a Pic-
ture,” depicts the effect of time on paintings. Materials start 
aging and are modified. Strictly speaking, they no longer 
reflect the original intention of the artist. The original mate-
rials and the constitutive materials are no longer the same 
Figure 2Figure 1
欧米諸国におけるクリーニング方法 －事例に基づく概要－
Cleaning Methods in Western Countries －an overview through case studies－
パオロ・クレモネージ／ Paolo CREMONESI
文化遺産保存化学者：アムステルダム大学及びリュブリャナ大学客員講師























(Figure 4). These materials may have lost their connotation 
of the original materials, but they are still constitutive mate-
rials; therefore, they still deserve the greatest respect. 
Then, new materials are added by other hands 
through several interventions to modify the image during 
restoration. Some materials may have been removed by con-
servation treatments (Figure 5). These new added materials 
also age in time, and then become aged added materials. It is 
now difficult to differentiate between them.
Added materials may even be visually different from 
the original materials. However, when the painting comes 
into our hands for restoration, the story may be quite dif-
ferent. We may not be able to separate the added materials 
from the original materials. Even if they are visually percep-
tible, they might have interacted with each other. In addition, 
with the technologies and the materials currently available, 
we may not be able to selectively separate them (Figures 6, 7).
Based on these considerations, rather than talking 
about constitutive materials or originally added material, 
we should simply say that when the painting comes into 






























deserve the same type of respect if we are not able to dif-
ferentiate between them, or if we are not able to act selec-
tively on some of them. Perhaps the intervention should be 
postponed to the future when new materials are available—
hopefully with improved selectivity.
I am fully aware that these are my own opinions, and 
I do not expect everybody to agree with me. I simply hope 
that these thoughts will stimulate some reflections. 
Here is an example of important painting in a cer-
tain museum in Europe. It is an oil painting from the 1920s, 
heavily damaged during World War II, and it was restored 
in the 1950s. The original paint is oil-bound, and the re-
touched overpainting is in oil as well.
There has been a great deal of attention from the 
media on this painting, and restoration aims to remove the 
overpaint. After testing several methods, the conservator 
concluded that the overpaint could not be removed in a safe 
way without affecting the original paint. However, because 
of the pressure from the media, the museum director said 
we should continue. I was called in for consultation. After 
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two days, the winner was the painting.
The conclusion was that selective removal of the 
overpaint was impossible, and a different strategy was ad-
opted. Sometimes, it is safest to add materials with a careful 
choice of the media and pigments for retouching the over-
paints. Compared to forcing ourselves to remove these over-
paints, it is a safer approach.
2. Approach to Restoration
I will first introduce two important people who are rather 
like gurus to me: Vishwa Raj Mehra, the father of minimal 
intervention, and Erasmus Weddigen, the founder of the 
conservation school in Bern (Figure 8). I must say that I 
agree very much with their concept. Let us reconsider our 
intervention and try to minimize intervention.
I am going to present you with the approach I try to 
follow when I start cleaning a painting or another work of 
art. If the surface has sufficient mechanical stability that can 
stand dry cleaning, then we will do that. However, if its me-
chanical stability is not sufficient, we may think about partial 
cleaning or some sort of preliminary consolidation, although 
we know that preliminary consolidation might make clean-
ing even more difficult (Figure 9). 
Thanks to a team of scientists and conservators from 
France and the Netherlands, this topic has been studied 
extensively. Dry cleaning can be performed today with a 
variety of methods, from simple dusting to micro-aspiration, 
and with various tools such as erasers, sponges, and cloths 
(Figures 10, 11).
Dry cleaning should be considered as the first level 
in the entire procedure. Evaluating the result, if the dry 
cleaning is sufficient, we stop at this point. Otherwise, we 
























For wet cleaning, we need to investigate the surface. 
We need to obtain some parameters from the surface to pre-
pare our cleaning solution. We perform measurements such 
as the contact angle, pH, and conductivity, and check the 
fluorescence under UV light. It is becoming very common in 
the cleaning of paintings to measure the pH and conductiv-
ity from an agarose gel applied on the surface. From these 
parameters, we can determine the composition of the aque-
ous cleaning solution (Figures 13, 14).
For a specific surface, the parameters for the aque-
ous cleaning medium should have the proper pH, and 
shortly, I will be more precise on what “proper buffered pH” 
means. We want to keep the pH stable during the interven-
tion. We need proper conductivity, and we might need auxil-
iary materials that are often referred to as adjuvants.
If the surface of the painting is acidic, our cleaning 
solution should have a pH that is not higher than the surface 
because we want to minimize swelling. Conversely, if the 
surface has an alkaline pH, the pH of the solution should not 
be lower. This is a way to minimize ionization and swelling. 

























that is not lower than the surface, again, to minimize swell-
ing of the paint layer (Figure 15).
This is an important piece of information that was 
developed for the cleaning of acrylic paintings, and we make 
use of this information for traditional paint and for all sur-
faces that are sensitive to water. Based on the ion concen-
tration, we know that we can have a hypotonic solution with 
fewer ions, a hypertonic solution with more ions, or a solu-
tion that is similar to the substrate, which we call an isotonic 
solution (Figures 16-20).
When we put these solutions on a painted surface, 
we have very different movements of water. The hypoton-
ic solution will send the water into the substrate and may 
swell it, whereas the hypertonic solution will move water out 
of the surface. If this movement is not too strong, it is fine. 
Otherwise, it could open cracks on the surface. The milder 
condition probably works under isotonic conditions, where 
water can move in and out in a gentle way without too much 
pressure on the artwork (Figures 21, 22).
I will show you an example of treating fragments 














centrations of the solution (Figures 23-25). After an hour of 
immersion, you can clearly see that the hypertonic solution 
extracted discolored material from the paper the most.
In the case of hydrophobic soil on the surface, we 
may perform a simple measurement of the contact angle 
(Figure 26). For hydrophobic soil, we may find a very large 
contact angle, and we probably need surfactants for clean-
ing the surface. Here is an example of a typical ionic surfac-

























This is another example of a big gilded frame of a 
painting in the cathedral of San Zaccaria in Venice. The sur-
face cleaning was done with synthetic saliva (Figure 28).
If we have a low-contact angle on the soiling mate-
rial, it means that the material is hydrophilic, and chelators 
may work better in cleaning (Figure 29). Here is an example 
of this type of cleaning (Figure 30).
We test the surface, but we also want to consider the 
structure of the artwork. Then, we must devise the safest 
method for applying water to a specific surface. It is a very 
dynamic phase because it involves testing in various ways 
(Figure 31).
3. Cleaning with an Aqueous Solution
3-1. In a Free Form 
New ways are constantly being devised, and our toolbox 
becomes richer and richer with time. We can test the water 
in a free form. It is the easiest way, but we know this will 
probably cause a great deal of diffusion of the water under 
the surface.













have paintings that are thicker or thinner, but let us take 
this as a representative example. If I put a single drop of wa-
ter on it, I get something like this under a microscope (Figure 
32). 
We should consider this when using water or other 
solvents on the painting surface. There may be a huge differ-
ence, depending on the thickness of the layer and the amount 
of water or solvent. This is just one drop. We can imagine 

























I devised an interesting approach—the safest way to 
apply water in a free form (Figures 33, 34). A syringe pump 
was used to deliver a constant amount of cleaning solu-
tion to the surface. The cleaning solution was immediately 
cleared from the surface using a micro-aspirator. Within 
seconds, the surface was dry.
There was a real feeling that the surface was not af-
fected by water. By drastically reducing the contact time of 
water with the surface, we had less possibility of interaction 
with the layers underneath. For example, a large painting by 
Pellizza da Volpedo was cleaned completely using this tech-
nique.
3-2. In a Gelled Form
We could also test an aqueous medium in a gel form (Figure 
35). Now we have a variety of materials available with 
different ionic and nonionic properties, so the selection 
of materials is wide. Here is a type of ceiling with wood 
and metope that we encounter very commonly in Italy. 
Throughout the centuries, they have been covered with 

























コ ン サ ヴ ァ タ ー
存修復専門家たちは石
膏の表面のクリーニングにこの方法を適用した（Figures 
to remove these materials were crude and done rather 
mechanically. The paint is normally with lean medium, and 
can be gelatin, milk, or casein-based. It can withstand a 
small amount of water, but not too much. Working with 
the gel, we could almost completely remove the material, 
and we were left with a very even surface compared to the 
mechanical method (Figures 36, 37).
3-3. Thermo-Reversible Gels
The third possibility is to use thermo-reversible gels. We 
can move from low viscosity to high viscosity like a rigid gel, 
and we work with agar or agarose. The best way to make 
the gel is in a microwave oven, and there are two ways to 
use them (Figures 38, 39). 
A pre-formed rigid gel can be applied to the surface, 
but this requires an almost completely flat surface. Other-
wise, we apply the gel when it is in a semi-solid state, and we 
cover the object with it. A great deal of work was done with 
the Modern Art Gallery in Milan (Figure 40), where there 
was a large collection of plaster casts, and the conservators 













was very successful and brought about the least interaction 
with the surface. Simply peel it off after three minutes, and 
you have a surface cleaning intervention.
Figure 44 compares the plaster surface treated with 
a cotton swab loaded with water and the plaster surface 
treated with agar gel. The morphology changed dramatically 
on the right. Because calcium sulfate is intrinsically soluble 
in water, it will always be affected. Using an agar gel instead, 































These two photographs represent the diffusion of 
water tinted with a UV dye (Figure 45). If we do a simple cot-
ton swab application, we have a great deal of diffusion. With 
an agar gel, diffusion is restricted to the surface. Monitoring 
the surface with a 3D scanner, we see that the cleaned sur-
face shows no alteration in the morphology. The only things 
missing on the right are the particles of soil (Figures 46, 47).
Other materials have also been developed, which 
may be more suitable for treating paper surface, where 
transparency is required. Gellan gum, whose main compo-
nent is polysaccharide, is a very flexible gel. It made it pos-
sible for conservators for the first time to treat A4 format 
in one single treatment (Figures 48, 49), thus avoiding the 
problem of tide lines. Materials dissolved from the surface 
migrated into the gel by capillarity. Normally, no after-treat-
ment is required after using the gel.
As another possibility, if we cast the gel in a syringe, 
we can get a sort of cleaning stick (Figures 50, 51). It works 
very mildly and is good for contemporary paint media like 


























(Figures 52, 53). Freshly grated agar gel can be used for 
cleaning very delicate surfaces.
More recently, a colleague conservator in Palermo 
devised a new method for applying agar by spraying. By 
using a specific paint applicator, she was able to apply a 
very thin, even layer to large surfaces, which can then be 
removed in a very effective way (Figure 54).
3-4. Water in Oil (W/O) Emulsion
If rigid gels are not suitable for a specific case, we can 
consider water in oil emulsions, which means a small 
amount of water surrounded by a hydrocarbon, which is 
like a protective coating for water. Water becomes less 
aggressive, and we can treat even very fragile surfaces, such 
as degraded water gilding. In the cathedral of San Zaccaria 
in Venice, all the gilded frames of the polyptychs were 
treated in this way (Figures 55, 56).
In the Santa Maria Gloriosa dei Frari Church in 
Venice, a very important painting by Tiziano, “Pala Pesaro” 
(1519-1526), was treated mainly because of structural prob-























during previous interventions. This glue caused a great deal 
of stress to the surface. We are not in a museum environ-
ment—we are in a church in Venice surrounded by water 
that has a lot of moisture. To stabilize the paint layers, an 
extensive intervention was carried out four years ago. The 
varnish had to be removed, and all the materials under the 
surface had to be thinned down.
It is possible to define an emulsion in a variety of 
ways. Here, we followed a typical process for working with 
emulsions, adjusting the pH, and testing them in small 
squares on the painting surface. The most successful final 
recipe was an emulsion mixed with the solvent phase in a 
gel form buffered at pH 8 with citrate. After application for 
a short time, dry removal and rinsing were performed.
3-5. Temporary Hydrophobization
Another possibility is that when we are dealing with 
surfaces that are extremely sensitive to water, we can 
make the surface temporarily hydrophobic using silicone-
based solvents. Cyclomethicone D5 is particularly useful in 























文化財保存修復の分野では、Velvesil Plus と KSG-350Z
Here is an example of cleaning the back of a painting 
on canvas. On the left, a citrate buffer in semi-solid agar gel 
was applied to the canvas (Figure 60). On the right, you see a 
pre-saturation with Cyclomethicone D5 before applying the 
same gel. Then, the gel was removed with a dry cotton swab 
(Figure 61). The lower photograph shows the area treated 
only with the agar gel, which is clean, but we have tide lines 
(Figure 62). If we pretreat with Cyclomethicone D5, it will 
block capillarity, so tide lines are not formed as in the upper 
photograph. 
3-6. Silicone Gels
A different way of using a silicone solvent is to use premade 
silicone gels from the cosmetics industry (Figure 63). In 
conservation, we currently use two different types of 
materials, Velvesil Plus and KSG-350Z (Figure 64). They are 
silicone solvent gel with a high-tech polymer that also has 
some emulsifying ability. 
Here is an interesting example of the cleaning of an-
cient wooden choirs. The conservator wanted to try protect-





























polishing paste, and everything else. Traditional emulsions 
made with hydrocarbons were very effective, but they also 
removed the wax finishing layer. However, silicone solvents 
are less polar, so they do not dissolve wax. This is the effect 
of using silicone gel on the surface, conserving the original 
wax finishing (Figure 65).
When water is added to this type of gel, droplets 
of water are surrounded by these tiny particles, which are 
polymers (Figure 66). These tiny particles can emulsify water 
into the solvent, which is the gray part surrounding them. 
This type of emulsion is very useful for delivering water to 
very sensitive surfaces. It is one of the few possibilities that 
is currently accepted for cleaning acrylic paintings.
After testing all these possibilities, we should have an 
idea whether the aqueous treatment is feasible or not (Figure 
67). Is it possible to treat the artwork with water? We should 
be honest about this. If none of these procedures is suffi-
ciently selective, our conclusion can be no, and we do not 
perform the aqueous treatment. Therefore, we simply end 
with dry cleaning or whatever we have done before. Now, of 
























a little different. But I hope I gave you some ideas with this 
type of approach.
An effective strategy for cleaning artworks on paper 
is often due to the action of capillarity. Using a nonwoven 
material (SontaraTM Printclean M), water will flow by capil-
larity (Figures 68, 69). The paper can be either on top or be-
low this tissue, and it provides a good, gentle way of clean-
ing.
4. Removal Intervention
If we need a deeper level of intervention—the removal of 
material—they could be organic film-forming materials such 
as varnishes, retouches, or inorganic materials such as salts 
or corrosion products (Figure 70). Basically, there are three 
different approaches (Figure 71). We can use an aqueous 
medium, organic solvents, or a mixed environment such as 
emulsions. I will briefly show you some examples, beginning 
with solvents.
4-1. Organic Solvents


























mentioned. In 30 years of work, I always paid significant 
attention to this issue because some organic solvents may be 
highly toxic. The problem is that in a chemistry laboratory, 
we can use them under a fume hood and in safe conditions, 
but in a conservation studio, we cannot perform the entire 
work under a fume hood. The risk of exposure to a solvent 
is a real risk and should not be underestimated.
In 2008, the United Nations implemented this world-
wide system of chemical classification, which is called the 
GHS (Figure 72). Europe accepted this soon after. Now, this 
new regulation is stricter, and hopefully, it will help us in 
using fewer toxic materials. It often happens that materials 
that are less toxic to the operator are also safer for the work 
of art. Because both human beings and works of art are 
composed of organic materials, the effect is the same.
Until 2011, the most common paint strippers were 
based on chlorinated solvents to perform interventions, such 
as removing oil overpaint from the original paint (Figure 73). 
Then, the production of this chlorinated solvent was banned 
in Europe, so we no longer have this type of gel. We found 

























perform exactly the same intervention, but with no toxicity 
(Figures 74, 75). If stronger solvents are needed, benzyl al-
cohol and ethyl lactate can be used. No water is included in 
this pure solvent gel with Klucel.
Normally, when we work with a solvent, we follow 
a gradual approach to solubility, which is called a solubil-
ity test (Figure 76). We start with very non-polar solvents, 
hydrocarbons, and we go on with increasing polarity. If I 
want to remove the varnish on the painting, I would do the 
solubility test (Figure 77). The hydrocarbon alone did not 
undergo any removal. Then, I increased the polarity, but the 
mixture with 10% acetone did not work. With the next mix-
ture, blanching started occurring on the surface.
I am using a neutral solvent, so blanching here is a 
very good indication for us. It tells us that if we increase the 
polarity, we obtain a different result. This is simply optical 
blanching caused by the initial mild swelling produced by 
the solvent. In fact, if we increase the polarity, this blanching 
practically disappears. If we increase the polarity further, 
the material is dissolved. In this way, we try to minimize the 





















た（Figure 80）。しかし Velvesil にアセトンを混ぜて使
用すると、ワニスは 30％のアセトンだけで除去ができ




underneath. We always check the fluorescence of the sur-
face and the fluorescence we have on the cotton swabs to 
get to a gradual result (Figure 78).
The solvents can be added to the silicone gels. When 
you perform a solubility test in gel form in a similar way, 
you discover something interesting (Figure 79). To remove 
varnish from the painting, I needed 60% acetone if I used 
free solvents (Figure 80). However, if I work with Velvesil 
and acetone, I could remove it with only 30% acetone (Fig-
ures 81, 82). Why does that happen? The gel material we 
used also has some emulsifying ability. The gelling polymer 
is also emulsi-fying, it helps picking-up material from the 
surface. We can use less polarity, and there is less danger 
for the paint underneath.
It was very important to note that Professor Richard 
Wolbers radically changed the way we approach conserva-
tion and cleaning. Among the several discoveries that he 
made, he found that these solvent surfactant gels—solvents 
in a very thick form enable less exposure to solvent vapors 
and produce less toxicity (Figure 83). It is also possible to 







































tant gels, we can work with less polarity.
A few years ago, this painting was brought to me 
as a challenge (Figure 84). The painting had been damaged 
by fire, and the conservator in charge tested everything he 
knew, and could only arrive at this result. The painting was 
considered to have been lost. However, by simply perform-
ing the solubility test, I realized that the dark material could 
be removed with the solvent, but unfortunately it affected 
the paint layer. The strategy was to keep the solvent in its 
most viscous form. In the form of a solvent surfactant gel, 
the surfactant in this case would help the surface contact. In 
fact, this strategy worked, and the painting could be cleaned 
further.
I was asked by the Opificio delle Pietre Dure in Flor-
ence (a national institution for restoration of artworks) to 
setup the cleaning procedure for the “Madonna and Child” 
(Santa Maria Maggiore Church, Florence, attributed to Cop-
po di Marcovaldo 1225-1276), which was a combination of 
painting and sculpture and was a very important restoration 
case. It was a wooden panel with the blessed Mother and 
Jesus in a relief sculpture. Throughout the centuries, it had 
been covered with layers of varnish, sometimes partially 
removed, and sometimes covered with other materials. Then, 
the varnish was removed using solvents in a gel form, and 
cleaning was completed. 
Looking at this intervention, I now see some prob-
lems with it. Look at the throne of the Mother richly deco-
rated; at some point in the history, it was hidden under new 
paint. We don’t know the reason, perhaps to tone down that 
splendor during the Counter-Reformation? That pictorial 
matter respected for centuries has been removed. This is a 
very difficult issue. I am not claiming that I have the right 



































to me. History has gone. Information has gone.
4-2. In an Aqueous Medium
We can remove materials in an aqueous medium as well 
(Figure 85), and here is another work done with the Opificio. 
The “Sarzana Cross” (Sarzana Cathedral, Guglielmo, 1138) is 
very important for the Italian tradition, because it is signed 
and dated, which is something very unusual for the medi-
eval period. When the cleaning started with the traditional 
method of using solvents, ethyl alcohol and ammonia in free 
form to remove oxidized varnish, it resulted in a great deal 
of blanching on the surface. To avoid affecting the paint un-
derneath, we tested something different. 
We tested the so-called resin soap (pH 8.5 buffered, 
gelled aqueous solution of triethanol-ammonium abietate 
[ABA-TEA]), the type of soap that Wolbers had developed 
just a few years earlier. The soap is made with natural resin. 
It works by affinity over another natural resin. You can do it 
at a very mild pH of 8.5. Otherwise, you would do at much 
higher pH. Until then, these soaps had been used mainly in 
North America, and all the treated works of art were at most 
a hundred years old. This was a very important intervention 
case because it was the first time that resin soap was used 
in an ancient work of art.
4-3. Enzymes
This example is a fresco mural painting in a church in 
central Italy. The painting had been detached, and a great 
deal of animal glue used for detachment was left on the 
surface. The conservator tested many methods of removing 
this glue, but it was very difficult because animal glue 
and calcium carbonate support may have interacted with 

























tested enzymes. Enzymes are very effective for this type of 
intervention. 
We used protease buffered at pH 6.5 (Figure 86). 
The temperature in the church was very low in winter, so 
we had to warm the surface with infrared light, bringing it 
to around 26-27°C (Figure 87). Then, every time we used 
enzymes, we also tested the solution without the enzyme to 
ensure that the result was due to the enzyme to verify its 
action (Figures 88, 89). We applied the solution, and after a 
while removed the tissue paper and rinsed it (Figures 90-
92). We can say that it was really the enzyme that cleaned 
it, because the same solution and the same pH without the 
enzyme did nothing (Figures 93, 94).
4-4. Emulsions
Finally, materials can be removed in a mixed environment, 
in an emulsion (Figure 95). Here is an example. We have a 
tradition of polychromed wooden sculptures in Northern 
Italy. They have been repainted many times, and the cross-
section of their paint sample looked like a cake when viewed 




























じめに pH は 10 から開始したが、この pH をアズライ
トに接触させることはできない。したがって、最終的に
エマルションの pH は 8 とし、キレート剤 EDTA を添加
した。これは水中油滴型のエマルションである（キシ









The original azurite is covered by another ground 
layer in mixed medium (white), then a very tough layer of 
red lead in a mixed medium (orange), then some glue, then 
another priming layer (white), and then two layers of paint 
(blue). These sculptures became increasingly larger. The 
problem is that layers of paint dull the shape of the sculp-
ture. It is not an aesthetic intervention simply to recover 
the original paint color, but also to recover the shape of the 
sculpture. The conservator would easily remove these three 
first layers, but would stop at the red lead. 
The mixed medium becomes very polymerized over 
time, so intervention was performed with an emulsion of 
solvents up to this layer. The emulsion worked effectively 
for removal. We first started at pH 10, but we should not get 
into contact with azurite at this pH. Then, the final applica-
tion was made with the same emulsion at pH 8. A chelator, 
EDTA, was added. It was an oil in a water emulsion (1:16). 
Tests were performed with xylene, but this was too toxic. We 
did not want to use this approach, therefore the entire work 
was done with a substitute of another kind of hydrocarbon 
and a small percentage of benzyl alcohol. 
Three years ago, I was called by the Accademia 
Gallery of Venice, and assigned the duty of setting up and 
supervising the cleaning of “Legend of Saint Ursula,” a series 
of nine large canvas paintings by Vittore Carpaccio. These 
beautiful paintings were restored many times during the 
centuries, and the first restoration was done in 1521. We 
could not know what the paint medium was and what mate-
rials have been added.
In the UV fluorescence photograph, we found an 
even layer of varnish on top because the last restoration was 
done in 1984. The varnish was very easy to remove in the 





















The problem was what was under the varnish, and 
we removed all the retouches. Under the complex situation 
with many different layers, the best way to deal with it was 
once again by emulsion. We also used an emulsion with 
citrate. This is the strategy I mentioned earlier: instead of 
using xylene, you use another hydrocarbon, non-aromatic, 
and add a little benzyl alcohol to it. The purpose of applying 
it was to remove this small amount of material. Here, you 
see again different levels, and starting from here, removing 













































Questioner 1: What was the investigation method for the 
structure of paint layers of the polychromed wooden sculp-
ture?
CREMONESI: It was simply a cross-section. A sample was 
taken, embedded in resin, and observed under a microscope. 
Then, each layer was analyzed by gas chromatography/
mass spectrometry, which enabled the identification of the 
binding medium. We know that this is an egg. Here, we have 
a binding medium. Here, we have a mixed medium. This is 
glue. These two are oil-based paint.
HAYAKAWA: In Japan, investigations with cross-sections 
are strictly limited. It is difficult to take a new sample, and 
we are obliged to use a sample that has already come off. 
Did you analyze the sample that fell off and could no longer 
be replaced on the original?
CREMONESI: I have a strong policy regarding samples. If 
we take a material in an area that is deteriorated, there is 
a missing part. The binding medium might have been lost. 
We obtain false information. Art historians always go crazy 
when we say that we want to sample from the intact surface. 
However, if we want real information, that is what we have 
to do.
Questioner 2: My name is TAKAYAMA from Shin-Etsu 
Chemical Co., Ltd. On behalf of our company, I appreciate 
your high evaluation of our product, KSG-350Z. Could you 
tell us how this product is actually used for cleaning purpos-
es? You may have to repeat yourself, but I think this will be 
of interest to the audience.
CREMONESI: The product can be used in many different 
ways. I showed some images with Velvesil, another product 
from a competitor company, but it produced exactly the 
same results that we obtained with KSG. Furthermore, most 
of the time, the results are better with KSG because we can 
put a larger amount of solvent in it. We put polar solvents 
to remove varnishes and retouches, or we use the aqueous 
phase in situations like this. We also tested an emulsion 
made with KSG. The reason the emulsion was not used was 
that the conservators preferred this one only because of its 
































er traditional materials. The sponsor decides. It was not our 
choice.
You have also seen the slide of silicone gel used to 
remove grime and polishing pastes from wooden choirs, 
conserving the original wax layer, which is surface cleaning. 
Something like this is an actual removal of materials. We 
can use this gel in conservation in a variety of ways, and it 
is particularly important for contemporary paint for acrylic 
media because it is one of the few possibilities for cleaning 
acrylics without interfering with the paint layer. Unfortu-
nately, in Europe in 2020, Cyclomethicone D5 will no longer 
be available because of its environmental impact, which is a 
considerable problem.
Questioner 3: For the conservation of artwork one or two 
hundred years in the future, I think we must document the 
methods and materials used. For the purpose of document-
ing the conservation, materials, and methodologies, is there 
a plan or system in place? Do you have any activities relat-
ing to documenting your methods and materials?
CREMONESI: Unlike a few decades ago, today when you 
work in museums or in public collections, you are required 
to document every step of the intervention and all the ma-
terials. If you go back 40 years ago, you may report that 
cleaning was done “with proper materials,” but now you 
need to report what those proper materials are. However, in 
my view, we should start doing something more important, 
which is sampling the artwork after intervention to see what 
we have actually done, though sampling should be done in a 
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